Purpose The purpose of this study is to put forth our 15 year experience with pediatric ameloblastoma in the Indian population. Materials and Method This retrospective study was carried out in the pediatric group of 18 years and below, presenting with and diagnosed for ameloblastoma, at our institution over the past 15 years. The required data was collected by reviewing patient's case notes, relevant radiographs, histopathological reports, and treatment charts. The incidence of pediatric ameloblastomas with respect to age, sex, site of occurrence, histopathologic type, the type of treatment instituted, and recurrence rate was noted. Results Of the total 165 pediatric tumors, ameloblastoma was the most common, 29 cases (17.5%). It occurred commonly in the age group of 12-18 years (mean age 14 years) with a marked male predilection. The most common site of occurrence was the posterior mandible. Majority were of the unicystic type. Two ameloblastomas which appeared as unilocular radiolucency were diagnosed as solid type. Twenty-eight were benign and one was a rare malignancy (Ameloblastic carcinosarcoma). Only two recurrences were noted over 15 years, of which one tumor interestingly recurred as a peripheral variety which responded well to local excision. Ameloblastomas were either enucleated with mechanical curettage or resected followed by primary reconstruction with either a reconstruction plate or free fibula flap. Conclusion We conclude that ameloblastomas are not uncommon in Indian pediatric population. Unilocular, unicystic ameloblastomas in the pediatric age group can be treated conservatively owing to their growth potential. Emphasis must be given to a long-term regular follow-up, conserving a more radical approach in case of a recurrence. However, Unilocular appearing ameloblastomas may be of the solid type which needs to be borne in mind as it not only alters the treatment modality but also emphasizes the importance of pre-operative incisional biopsy. Solid and unicystic aggressive ameloblastomas must be treated radically. Primary reconstruction with the free fibula flap is a viable option.
Introduction
Ameloblastoma is an aggressive, benign, epithelial odontogenic tumor that comprises of 10 % of the odontogenic tumors [1, 2] . Its occurrence is considered a rarity in the younger age group and accounts for approximately 10-15 % of all reported cases of ameloblastoma [3, 4] . The treatment for ameloblastoma is still controversial especially in children and adolescents. The growth potential of the jaws in the younger age group needs to be given due consideration, while determining the appropriate treatment modality.
Although, a lot has been written about this tumor, there still exists paucity of information regarding the behavior and management of this tumor among the Indian population in the pediatric age group. Hence, this study aims at reviewing the incidence, behavior and management of pediatric ameloblastoma from the west of India. We hope this study will contribute to further meta-analysis, increase the cognition of the tumor and help develop a more rational treatment protocol in children and adolescents.
Material and Method
A retrospective study was carried out in Indian patients of age 18 years and below, who presented with and were histopathologically diagnosed for an ameloblastoma at our institution in Mumbai, India over the past 15 years (i.e., from January 1997 to July 2011). This study was carried out following the approval of the Ethics Committee of our institution. The required data was collected by reviewing the patients' case notes, relevant radiographs, histopathology reports, and treatment charts. The incidence of the tumor with respect to the age, sex, site of occurrence, histopathologic type, type of treatment instituted, and the recurrence rate was recorded. All the patients had undergone incisional biopsy prior to surgery. The surgical techniques included:
1. Enucleation with mechanical curettage removing approximately 2-mm of bone. 2. Resection followed by primary reconstruction with either a titanium reconstruction plate or a free fibula flap.
Results
Of the 165 pediatric tumors, 65 were of odontogenic origin and 100 of non-odontogenic origin. Among the 65 odontogenic tumors, ameloblastoma was the most common tumor comprising of 29 (44.6 %) cases and accounted for 17.5 % of the total pediatric tumors.
Age and Sex
The patients were divided in the age groups of 1-5 years, 6-11 years and 12-18 years. Most common age group of tumor occurrence was 12-18 years (mean age of 14 years) ( Table 1) . Of the 29 patients, 19 were males and 10 females, with the male to female ratio of 2.1:1. In all the cases, the tumor was found in the mandible. In 21 of 29 cases (72.4 %), ameloblastoma occurred in the posterior mandible, 3 (10.3 %) in the anterior mandible and 5 (17.3 %) had the tumor crossing the midline. Hence, the most common site of occurrence was the posterior mandible.
Histopathologic Typing 28 were benign and one was malignant-ameloblastic carcinosarcoma, which is one of the rarest reported tumors in the literature [5] . On the basis of established histological criteria, it was observed that 20 (69 %) of 29 exhibited the 'unicystic' type and nine (31 %) were of the 'solid' type. Apart from the standard histopathologic typing, immunohistochemical study of tumor suppressor protein p53 is ideally recommended to delineate the more aggressive ameloblastomas. However, considering the high cost of this study and the low socio-economic status of the patients referred to our institute from a tertiary institute, it was not possible to perform this specific test.
Radiographic Appearance
Of the total 29 Ameloblastoma, seven cases that presented as multilocular radiolucency were diagnosed as 'solid' variety of the tumor, clinically (i.e., during surgery) as well as histopathologically. Twenty patients with unilocular radiolucency were diagnosed as the 'unicystic' variety as expected. Interestingly, two patients presenting with unilocular radiolucency were diagnosed as the solid variety of the tumor, as was seen on the cross section of the gross specimen and histopathologic slide (Figs. 1, 2, 3).
Surgical Management
After an incisional biopsy, a total of 29 cases were diagnosed with ameloblastoma. However, 17 of the 29 patients underwent surgical management as the remaining patients were lost to follow up after the initial biopsy. Ten cases which were histopathologically diagnosed as the 'unicystic' variant were treated by enucleation followed by mechanical curettage with rotary bur removing approximately 2-mm of bone (Figs. 4, 5, 6, 7, 8, 9) . Four patients who were diagnosed of the 'solid' variety and three patients who were considered to be unicystic but showed signs of an aggressive tumor (i.e., root resorption of teeth, severe cortical perforation, marked thinning of the inferior border of the mandible) underwent segmental resection with a 1 cm margin of healthy bone. This was followed by primary reconstruction with a reconstruction plate in five patients and a microvascular free fibula flap in two.
In those cases where significant cortical perforation was noted, but the overlying periosteum was intact, a supraperiosteal dissection was carried out, and an en block resection with the next intact anatomic barrier (ie., periosteum) was performed. Similarly, in cases where involvement of the periosteum or the overlying soft tissue was noted, the adjacent muscle and/or mucosa was excised along with the specimen. The only case of malignancy in this study i.e., ameloblastic carcinosarcoma, was referred to an exclusive and well reputed oncology centre in the west of India. This patient underwent two cycles of chemotherapy after which she was taken up for a total mandibulectomy and selective supraomohyoid neck dissection followed by primary reconstruction with a free fibula flap.
Recurrence
Only two recurrences were noted over 15 years. In one of these cases, the original tumor was a unicystic ameloblastoma, which had then shown a significant cortical expansion without a cortical perforation and was treated by an enucleation procedure. However, at recurrence, the patient was taken up for segmental resection followed by primary reconstruction with a free fibula flap. This patient was finally rehabilitated with transitional dental implants after a period of 2 months following the hardware removal. The primary tumor of the other case had not shown any cortical perforation, but periosteal involvement at the alveolar crest. Interestingly, in this case the tumor recurred as a 'peripheral' variety at the same site as the previous intra osseous lesion, which responded well to a local excision, and has not shown any signs of recurrence since then.
Discussion
Ameloblastoma is uncommon in the pediatric population, with only 8.5-15 % of all ameloblastomas in the Western countries [3, 6, 7] . The Asian and the African reports show [8, 9] .In our study, ameloblastoma accounted for 17.5 % of the tumors in the pediatric group which is comparable to the other reports [1, 3, [6] [7] [8] [9] [10] [11] [12] .
Among the 65 odontogenic tumors in the pediatric group, ameloblastoma was the most common tumor comprising of 29 (44.6 %) cases. This differs from other reports in which odontomes were the most common odontogenic tumor [13, 14] .
In our study, the incidence of ameloblastoma was highest in the age group of 12-18 years (79.3 %) with the mean age of occurrence being 14 years [15] which is consistent with a study by Arotiba et al. [16] .
The male to female ratio of 2.1:1, indicates a marked male preponderance which is in unison with some reports [1, 10, 12] . However, some authors have reported equal gender distribution [7, 9, 11] .
All the cases occurred in the mandible which reiterates the fact that this tumor has a marked predilection for occurrence in the mandible. The molar-ramus region was the most common site of occurrence as was noted by Zhang et al. [15] .
The patients included in this study belonged to poor socio-economic strata where regular dental checkups and awareness regarding the same are lacking. Hence, these patients sought treatment only after a significant facial deformity due to the tumor or a noticeable mass intra orally, which led to the relatively late diagnosis by the clinician. Correlating with the history of all the patients over a period of many years, it is our opinion that the time interval between the onset and presentation of the disease could be around 12-15 months.
Ameloblastomas are currently classified into three types:
1. Solid or multicystic-which radiologically is usually characterized by multilocular radiolucency. 2. Unicystic type-which is radiologically characterized by unilocular radiolucency 3. Peripheral or extra osseous type.
We found the unicystic variety to be the most common type (69 %) which is a common finding in some studies [6, 17, 18] . However, another study has found the solid variant to be the predominant one [15] .
By correlating the radiographic appearance and the histologic type, 20 cases which showed unilocular radiolucency were diagnosed of 'unicystic' variant, and all the cases which presented as multilocular radiolucencies, were of the 'solid' type as expected. However, surprisingly, two cases which presented as unilocular radiolucency were diagnosed as 'solid' type, which also has been reported in some studies [15] .
Therefore, when a suspected ameloblastoma appears as a unilocular radiolucent lesion, the diagnosis of 'solid' type also should be considered as this would alter the treatment because the solid varieties need to be treated more radically. This would also avoid the high recurrence rate associated with the solid ameloblastomas treated conservatively.
The management of ameloblastoma in the younger age group can be very challenging despite using reconstruction plates as this has a profound effect on the subsequent growth dynamics of the craniofacial skeleton, dentition, and the soft tissues. Conservative management for unicystic ameloblastomas like enucleation with curettage and use of physio-chemical agents has been long debated. Rosensteil et al. [19] have reported a high recurrence rate of 64 % for unicystic ameloblastomas treated conservatively and has concluded that simple enucleation and curettage may be inappropriate treatment. However, there have been reports of unicystic cases treated with enucleation and peripheral ostectomy with no recurrence even after 2-15 years [10] . Published reports now recommend a relatively conservative treatment like enucleation with peripheral ostectomy in the first instance, reserving a more aggressive therapy for any recurrence [6, 11, 15] considering the growth potential and capacity for bone regeneration in children. In our study, 10 cases of unicystic ameloblastomas were treated by enucleation and mechanical curettage with rotary bur removing approximately 2-mm of bone. In our institution patients with unicystic ameloblastomas treated conservatively are encouraged to adhere to a regular long term follow-up in order to detect any recurrences. Till date, only two recurrences have been noted, of which one was a unicystic type which had been treated conservatively. This patient on recurrence underwent segmental resection followed by primary reconstruction with free fibula flap and was then rehabilitated with transitional dental implants after a period of 2 months following the hardware removal. The other case interestingly recurred as a 'peripheral' variety of the tumor at the same site as the previous intra osseous lesion, which responded well to local excision, and has not shown any signs of recurrence since then. This recurrence could have been due to seeding of the intra osseous tumor cells through the perforated cortices and the periosteum into the overlying oral mucosa.
Two unicystic cases which showed signs of locally aggressive behavior, underwent segmental resection with 1 cm margin of healthy bone followed by primary reconstruction with a reconstruction plate or free fibula flap (Figs. 10, 11, 12, 13, 14, 15, 16, 17) .
The four solid ameloblastomas which underwent treatment, were taken up for segmental resection followed by primary reconstruction owing to its high recurrence rate (75-90 %) following conservative treatment [6, 12] .
The only malignancy noted in this study was an ameloblastic carcinosarcoma which is one of the rarest reported malignancies. Until now, only four cases of ameloblastic carcinosarcoma have been reported in the literature [5] .It is a rare mixed malignant odontogenic neoplasm with the ameloblastic features seen in the epithelial as well as the fibroblastic component. In the literature, this malignancy has been seen to arise in pre existing lesions like the ameloblastoma, ameloblastic fibrosarcoma [20, 21] , and ameloblastic fibroma [5] or arise de novo [22, 23] . This tumor may metastasize to the lungs and the regional lymph nodes [5] , however, our case did not show any such findings despite thorough investigation. In spite of this, the patient underwent selective supraomohyoid neck dissection in view of the risk of micro metastasis and total mandibulectomy followed by primary reconstruction with free fibula flap. Owing to the scarcity of reported cases, the long-term clinical significance is not known. More case descriptions would help understand the nature of this neoplasm and its clinical implication.
Conclusion
In conclusion, ameloblastomas are not uncommon in the Indian pediatric population. This tumor occurs commonly in the age group of 12-18 years with a marked male predilection. The most common site of occurrence is the posterior mandible. A correlation between the radiographic appearance and histological type must be sought by a preoperative incisional biopsy, as unilocular radiolucent appearing lesion may be solid, which alters the treatment. Unilocular, unicystic ameloblastomas can be treated conservatively with enucleation and peripheral ostectomy, conserving a more radical approach in case of a recurrence. However, long-term and regular follow-up is a must to rule out recurrence. Solid and unicystic aggressive ameloblastomas must be treated radically, i.e., resection with 1 cm clear margin. Primary reconstruction with free fibula flap is a viable option as it restores form and function at the earliest with minimal donor site morbidity. 
